Between 1992 and 1999, we treated 350 patients with skeletal metastases. A multivariable analysis of the patients was conducted using the Cox proportional hazards model. We identified five significant prognostic factors for survival, namely, the site of the primary lesion, the performance status (Eastern Cooperative Oncology Group status 3 or 4), the presence of visceral or cerebral metastases, any previous chemotherapy, and multiple skeletal metastases. The score for each significant factor was derived from the corresponding estimated regression coefficients (natural logarithm of the hazard ratio). The prognostic score was calculated by adding all the scores for individual factors.
Between 1992 and 1999, we treated 350 patients with skeletal metastases. A multivariable analysis of the patients was conducted using the Cox proportional hazards model. We identified five significant prognostic factors for survival, namely, the site of the primary lesion, the performance status (Eastern Cooperative Oncology Group status 3 or 4), the presence of visceral or cerebral metastases, any previous chemotherapy, and multiple skeletal metastases. The score for each significant factor was derived from the corresponding estimated regression coefficients (natural logarithm of the hazard ratio). The prognostic score was calculated by adding all the scores for individual factors.
The rate of survival was 31% at six months and 11% at one year for the patients with a prognostic score of 6 or more. By contrast, patients with a prognostic score of 2 or less had a rate of survival of 98% at six months and 89% at one year. This scoring system can be used to determine the optimal treatment for patients with pathological fractures or epidural compression.
For most patients with metastatic bone tumours, the aim of treatment is not to cure the disease but to improve mobility and the quality of life during their remaining weeks or months. There are a variety of options for the treatment of bone metastases. For the spine some patients are treated non-surgically by radiotherapy and/ or chemotherapy. Others have posterior decompression with or without instrumentation, and some an anterior excisional procedure. Tomita et al 1 reported a more radical operation which entailed removing the lesion en bloc (spondylectomy). For metastases to bones in the limbs, external fixation, internal fixation without resection, or wide resection followed by reconstruction with a prosthesis is chosen depending on the condition of the patient.
When deciding treatment, the surgeon must take into consideration the degree of functional impairment, the general condition of the patient and his or her life expectancy. It is often difficult to predict the prognosis with any accuracy. In 1990, Tokuhashi et al 2 described a scoring system for the pre-operative evaluation of survival after surgery of a metastatic spinal tumour. Recently, Tomita et al 3 have described a surgical strategy for spinal metastases. However, since these studies were retrospective and included only surgically-treated patients, few critical conclusions can be drawn as to their effectiveness.
In this prospective study, we sought to determine prognostic factors from the clinical features which can be obtained at presentation, and to create a prognostic model for patients with bone metastases.
Patients and Methods
Our study group was comprised of 350 consecutive patients who had undergone treatment, either surgical or non-surgical, for skeletal metastases between July 1992 and December 1999. The last follow-up evaluation of the patients was performed in January 2002. There were 199 men and 151 women with a mean age of 59 years (14 to 88).
Of the 350 patients, 326 (93%) were followed for a minimum of 24 months, unless death supervened, during which time 24 patients were lost to follow-up. They were treated as 'censored observations'. Two deaths from causes other than malignancy were also treated as censored observations. The mean follow-up periods were 13 months (2 weeks to 88 months) for patients dying from their malignant disease, and 39 months (1 to 142) for survivors. Multiple myeloma, requiring orthopaedic care was treated as skeletal metastasis. [4] [5] [6] [7] [8] However, solitary plasmacytoma was excluded from the study as was malignant lymphoma of bone without an extraosseous lesion. Patients with a priOncology mary lymph-node lesion and secondary bone metastases were included.
Lung carcinoma was the most common primary lesion. Others were carcinoma of the breast, prostate, liver and multiple myeloma (Table I ). The primary lesion was not found in eight patients despite thorough investigation. Treatment. Of the 350 patients, 249 (71%) were treated non-surgically while the remaining 101 had an operation for skeletal metastasis. Of those treated without surgery, two were given palliative care alone, 27 were treated by chemotherapy including hormonal preparations, 94 had radiotherapy alone, and 126 had combined chemotherapy and radiotherapy. Of the 101 patients treated by surgery, internal fixation or endoprosthetic replacement was performed in 56, posterior decompression and instrumentation in 37, endoprosthetic replacement and spinal instrumentation in one, resection without reconstruction in six, and amputation in one. Fifteen had surgery alone and the remaining 86 were given additional radiotherapy and/ or chemotherapy. All patients gave their informed consent for each examination and treatment. Imaging study. Plain radiography of any obviously affected bone and whole-body bone scanning using 99 m Tc methylene diphosphonate (MDP) were carried out routinely in every patient to determine the spread of bone metastases. MRI was performed to detect skeletal metastasis more precisely in 165 patients. Visceral or cerebral metastases were assessed by CT. Statistical analysis. Twelve potentially prognostic factors were investigated (Table II) . Each was grouped in up to three categories for statistical analysis. Age was categorised into groups of younger than 60 years and 60 years or older. Neurological deficit was divided into two groups, either present or not present. Performance status was evaluated using the Eastern Cooperative Oncology Group (ECOG) performance status scale 9 and categorised into two groups of performance status 0 to 2 and 3 to 4. Primary sites of cancer were classified into three groups. Lung, gastric and hepatocellular carcinoma were categorised as a rapid growth group, breast and prostate carcinoma, multiple myeloma, malignant lymphoma, and thyroid carcinoma as a slow growth group; and other carcinomas and sarcomas as a moderate growth group. The condition of the primary lesion was divided into two categories according to whether it was already cured or untreated and recurring. Previous chemotherapy was divided into two categories, no previous chemotherapy and any previous therapy including hormonal treatment and intra-arterial infusion chemotherapy.
Visceral or cerebral metastases were grouped into two categories, no visceral or cerebral metastasis and any detectable by imaging. The disease-free interval from primary cancer to the development of skeletal metastases was divided into two categories, no disease-free interval in which skeletal metastases were evident on presentation and a disease-free interval during which skeletal metastases developed after treatment of the primary lesion. The sites of skeletal metastases were divided into three categories, limited to appendicular bone, limited to axial bone and present in both. The skeletal metastatic load was subdivided into two categories, solitary or multiple. Pathological fractures were also divided into two categories, present or not on imaging.
Rates of survival were calculated by the Kaplan-Meier method. 10 All of the factors shown in Table II were included as explanatory variables in a Cox proportional-hazards survival analysis. 11 The results of the multivariate analyses were expressed in terms of hazard ratio derived from the estimated regression coefficients, with 95% confidence intervals (CI). The hazard ratio indicates how many times patients with each factor are more likely to die compared with those without the factor or in the reference group. In this analysis, categorical variables with more than two modalities were recorded using dummy variables. We used the SAS statistical package (SAS, Chicago, Illinois).
The score for each significant prognostic factor was derived from the corresponding estimated regression coefficients (natural logarithm of the hazard ratio) of the multivariate model. The corresponding estimated regression coefficients were multiplied by two and rounded off to the nearest integer in order to make the calculation of the prognostic score as simple as possible by allocating one point for factors with the smallest regression coefficients. The scoring system was more accurate if the estimated regression coefficients were multiplied by a larger number. However, we gave priority to the simplicity of the scoring system in order to facilitate its use in clinical practice. The prognostic score was calculated by adding all the scores for individual factors. Every patients was scored from 0 to 8, and divided into nine groups according to the prognostic score. The rates of survival for each group were calculated using the Kaplan-Meier method.
Results
The overall rate of survival of the entire group was 0.66 at six months, 0.48 at 12 months, 0.33 at 24 months and 0.23 at 36 months (Fig. 1) . With multivariate analysis, the site of the primary tumour, ECOG performance status 3 or 4, visceral or cerebral metastases, previous chemotherapy and multiple skeletal metastases were found to be significant, independent, prognostic factors (Table III) . The highest hazard ratios were found for the primary site of the tumour. The results indicate that the patients with a group 3 primary site (gastric, lung and hepatocellular carcinoma) and those with a group 2 primary site (carcinoma and sarcoma other than those in groups 1 and 3) were 5.19 and 2.48 times, respectively, more likely to die than those with a group 1 primary site (breast, prostate and thyroid carcinoma, multiple myeloma and malignant lymphoma). Patients with visceral or cerebral metastases were at a 2.22-fold risk of death compared with those without such lesions.
The hazard ratios for performance status, previous chemotherapy, and multiple skeletal metastases were 1.50, 1.54 and 1.40, respectively. Patients with performance status 3 or 4 had a 50% higher risk of dying than those with more favourable performance status. Patients who had had previous chemotherapy had a 54% higher risk and those with multiple skeletal metastases a 40% higher risk of dying than those without the factors.
The score for each significant prognostic factor derived from the corresponding estimated regression coefficients is shown in Table IV . The prognostic score was calculated by adding the scores for each significant prognostic factor for every patient. The Kaplan-Meier survival curves for different prognostic scores are shown in Figure 2 . At 12 months, the survival curves can be separated into three groups, namely, a score of 0 to 2 with a survival rate of more than 80%, 3 to 5 with a survival rate of 30% to 70%, and 6 to 8 with a survival rate of less than 20%. The survival curves of these three groups are shown in Figure 3 , and were sig- (Table V) .
Discussion
There have been several reports on the prognosis for patients with skeletal metastases. Tokuhashi et al 2 proposed a prognostic scoring system for the pre-operative evaluation of patients with spinal metastases comprising six variables: the Karnofsky performance status, the number of extraspinal bone metastases, the number of metastases in the vertebral body, metastases in the major organs, the primary site of cancer, and palsy of the spinal cord. Each variable was evaluated with a score from 0 to 2 points, giving a maximum total score of 12. 2 Bauer and Wedin 4 reported five positive criteria for survival: absence of visceral metastases, absence of pathological fracture, solitary skeletal metastasis, a primary tumour of the breast or kidney and lymphoma or myeloma, but not lung cancer. Tomita et al 3 reported a new scoring system for spinal metastases with three prognostic factors namely the primary tumour (slow, moderate or rapid growth), visceral metastases (treatable or untreatable), and bone metastases (solitary or isolated and multiple). The scoring systems of Tokuhashi et al 2 and Tomita et al 3 were based on retrospective analysis and the three studies analyse only surgicallytreated patients. Although our study was designed to include not only surgically but also non-surgically-treated patients, the primary tumour, visceral metastases, and multiple skeletal metastases were significant prognostic factors, as in the three earlier papers.
Teshima et al 12 found that the primary site, extraskeletal metastases, performance status, age and the urinary hydroxyproline/creatinine ratio, were prognostic factors in patients treated by radiotherapy. The differences from our present study were that age was a significant prognostic factor, but multiple skeletal metastases were not. Their study was prospectively conducted on patients treated by radiotherapy and may have had a selection bias. The hydroxyproline/creatinine ratio was reported to be a significant prognostic factor but since it currently takes several days to obtain this value, routine use and feedback for the selection of therapeutic options are difficult.
It seems clear from our study that a neurological deficit and the location of a skeletal metastasis do not influence survival independently, but that previous chemotherapy is an independent prognostic factor. With regard to the neurological deficit at presentation, Tokuhashi et al 2 considered it to be a parameter of the prognostic score, whereas Tomita et al 3 presumed that a neurological deficit was not a factor. Neither study, however, included a statistical analysis. Speigel et al 13 also reported that patients with a neurological deficit tended to have a short survival, but that this did not significantly influence survival among patients with melanoma. We found no evidence to show that a neurological deficit was a significant prognostic factor, which supports the supposition of Tomita et al. 3 There has been little documentation regarding the location of skeletal metastases in the past, since most previous studies did not address this issue. Yamashita et al 14, 15 studied this in regard to prostate and breast carcinoma. They reported that a skeletal lesion limited to the lumbar spine and pelvis was a favourable prognostic factor among patients with skeletal metastases from prostate carcinoma, but skeletal metastases caudal to the lumbosacral junction were a negative prognostic factor in patients with bone metastases from breast carcinoma. 14, 15 From multivariate analysis, our three groupings according to site were not significantly associated with survival.
The finding that previous chemotherapy is a significant prognostic factor does not mean that chemotherapy itself makes survival worse. There could be two reasons for this. First, patients with advanced stage of the disease at the initial treatment of the primary lesion, tend to be given chemotherapy and secondly, those with previous chemotherapy have no or few effective options for chemotherapy left after skeletal metastases occur. Sherry et al 16 reported that patients with breast cancer, who already had skeletal metastases at the time of presentation with the primary breast lesion, had a favourable prognosis, irrespective of multiple skeletal involvement detectable on bone scans. Therefore, we anticipated that the disease-free interval from primary cancer to the development of skeletal metastases might influence survival, but this was not found to be the case. Bauer and Wedin 4 reported that pathological fracture was a negative prognostic factor. Skeletal metastases with higher malignancy are reported to grow invasively and destructively. 17, 18 Therefore, we anticipated that pathological fracture might be a negative prognostic factor, but this also was not found to influence survival.
There are many options for the treatment of bone metastases. For lesions of the limbs, surgery for apparent or impending fracture is attractive although sometimes it is difficult to choose between external fixation, internal fixa- tion, or excision followed by reconstruction. For spinal metastases, it is often difficult to decide between radiotherapy, posterior stabilisation and an anterior excisional procedure. Life expectancy of at least two months is usually required for surgery for metastases of the limbs, 19, 20 and of three to six months for surgery for those in the spine. 1, 21, 22 For long-term survivors, excisional surgery followed by reconstruction with an implant is preferred to achieve longlasting local control of a tumour and stabilisation. 23, 24 Similarly, an excisional procedure followed by instrumentation is preferred for long-term control of spinal metastases. 2, 3 For patients with a prognostic score of 0 to 2, the expected rate of survival after one year is 89%. Therefore, an excisional procedure followed by reconstruction by a cemented prosthesis is preferred for metastases of the limbs and excisional spinal surgery is preferred for spinal metastases if radiotherapy is not expected to be effective. For patients with a prognostic score of 3 to 5, the expected rate of survival after six months is 71% and at one year 49%. Therefore, an excisional procedure followed by reconstruction by a cemented prosthesis or internal fixation with augmentation by methylmethacrylate is preferred for metastases of the limbs and anterior or posterior instrumentation procedures in the spine if radiotherapy is not expected to be effective. By contrast, in patients with a prognostic score of 6 to 8, the expected rate of survival after six months is 31% and at one year, 11%. Simple internal fixation followed by radiotherapy is the first choice for patients with metastases of the limbs. These patients are not good candidates for spinal surgery and radiotherapy with supportive care is the treatment of choice for patients with spinal metastases.
When deciding upon treatment, we must consider not only the pain and degree of neurological impairment but also the sensitivity to chemotherapy and/or radiotherapy, the destructive spread of bone metastases and life expectancy. Patients with a very short life expectancy should probably be treated less invasively, and not all patients with a long life expectancy require aggressive surgery. With this practical prognostic scoring system, life expectancy may be predicted more accurately and thus the optimal treatment better selected.
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